A single-cell PCR method was applied to Pseudo-nitzschia pungens strains from the southern Black Sea. Based on the aligment set of the LSU D1-D3 region, a Bayesian molecular phylogeny analysis and a parsimony network analysis were used to investigate phylogenetic clades (Clades I-III) in P. pungens and to determine the ancestral clades. The parsimony network analysis also demonstrated that ancestral haplotypes belonged to Clade II, residing around the northeastern Pacific, while Clade I was distributed globally but antitropicaly. According to the findings of this study, the Black Sea strain (Clade III) shows a global phylogeographic pattern.
INTRODUCTION
The cosmopolitan planktonic marine diatom Pseudo-nitzschia has recently received more attention because several species of this genus have been producing neurotoxin (domoic acid). The harmful blooms of the toxic strains may also result in toxin accumulation in the marine foodweb, affecting both marine organisms and humans (Bates et al. 1989 , Work et al. 1993 , Lefebvre et al. 1999 , Scholin et al. 2000 .
The taxonomic affiliations of Pseudo-nitzschia have changed several times (Hasle 1972 , Round et al. 1990 , Hasle 1994 . Lundholm et al. (2002) stated that Pseudo-nitzschia is paraphyletic and needs to be amended. Molecular tools for describing the phylogeny of this genus provoked the discoveries of high degrees of pseudocryptic diversity and several new species during the last decade (e.g. Lundholm et al. 2003 Lundholm et al. , 2006 Amato & Montresor 2008; Churro et al. 2009; Quijano-Scheggia et al. 2009 ). More recently, the molecular phylogenetic studies of Pseudo-nitzschia pungens revealed three molecular clades: Clades I, II and III (Casteleyn et al. 2008) . Clade II corresponds to P. pungens var. cingulata and Clade I to the nominal variety of P. pungens, while Clade III differs from the other clades. Churro et al. (2009) described Clade III as a new variety, P. pungens var. averiensis. P. pungens (Clade I) is genetically limited, following a strong isolation by distance pattern and is generally distributed in the antitropical regions (Casteleyn et al. 2010) .
Two P. pungens strains from the southern Black Sea were found to be phylogenetic haplotypes with the strains from Clade III (Baytut et al. 2013) . However, all clades of P. pungens do not have the same distribution pattern. The strains of Clade I were observed to exist in only antitropical areas of the southern and northern hemispheres (Casteleyn et al. 2008 ) while the strains of Clade III seem to be globally distributed in both tropical and antitropical areas of the world: the southeastern Pacific (Vietnam), southern Africa, the Gulf of Mexico, the subtropical eastern Atlantic (Portugal) and the southern Black Sea (Turkey). This study is therefore aimed both to test phylogenetical clades in Pseudonitzschia using Bayesian analysis and to investigate their origins with the dispersal pathways of P. pungens var. averiensis (Clade III) by phylogenetic network analysis.
MATERIALS AND METHODS

Sampling
Water samples were collected horizontally with a plankton net (20 µm pore size) from the coast of the Black Sea, near the city of Samsun, Turkey (41°18'15.00'' N, 36°21'49.00'' E) in March 2012. The samples were put in a plexiglass bottle and were transferred to the laboratory. Pseudo-nitzschia colonies were selected under a light microscope (Prior P/C, UK). Colonies with 1 µl double distilled water were then isolated by micropipetting into the PCR tubes according to Ki et al. (2004) .
Single cell DNA isolation, PCR amplification and sequencing
Genomic DNA isolation was performed using a DirectPCR lysis reagent (Viagen, USA) according to the manifacturer's protocol. Four microliters of lysis reagent mix (3 µl of 1:10 diluted DirectPCR lysis reagent and 1 µl of 1:100 diluted proteinase K) were put into the PCR tubes containing 5-10 celled Pseudonitzschia colonies. The PCR tubes were then incubated at 55°C for 6 hours and at 85°C for 55 minutes. The latter incubation was done in order to inhibit the activation of proteinase K. Lysates were stored at -20°C to await further processing. PCR of the samples was performed directly from these crude lysates. Primers D1R-F (Scholin et al. 1994 ) and D3B-R (Nunn et al. 1996) were used for the amplification of the D1-D3 LSU region of the rDNA. Fifteen microliters of PCR master mix (0.5 U Taq polymerase (Promega Corp.), 0.25 mM each of all 4 dNTPs, 5 × reaction buffer, and 1.5 mM MgCl2) including 20 pmol of each primer were added to the PCR tube containing approximately 5 µl of the crude lysate at 4°C. Thermocycling was as follows: initially 95°C for 5 minutes, followed by 40 cycles of 95°C for 20 seconds, 55°C for 30 seconds, and 72°C for 60 seconds. Extension was facilitated at 72°C for 6 minutes. The amplicons were run at 1.5% agarose gel prepared in 1X TBE buffer, then were visualized with a KODAK imaging system after staining with ethidium bromide, and were then purified using a QIAquick PCR Purification Kit (Qiagen, Germany) as recommended. Sequencing was done by Macrogen (Korea). The new sequence have been deposited in the EMBL database. One can find the alignment file, output of the redundant analysis and model test results from the site The Barcode of Life Data Systems (http://www.barcodinglife.com). Accession numbers and locations of the strains are shown in Fig. 1 .
Phylogenetic analyses
Multiple data sets of the relevant 11 Pseudonitzschia pungens sequences were aligned using ClustalX (Thompson et al. 1994 ) and then edited manually with BioEdit (Hall 1999 ). An initial redundant analysis was carried out by the software program DnaSP v.5 in order to find haplotypes (Librado & Rozas 2009 AIC selected a TPM1uf+G (A↔C = G↔T =1.0000, A↔G = C↔T = 10.4657, A↔T = C↔G=5.3127) with a gamma distribution shape parameter of 0.0110 and BIC selected a JC model. Tree topologies did not reveal major differences and the TPM3uf+I+G model was preferred because of the higher posterior probabilities. Phylogenetic analyses were inferred with Bayesian algorithms using the software program MrBayes 3.1 (Ronquist & Huelsenbeck 2003) . Bayesian inference (BI) was carried out on the partitioned dataset in the multi-step process. All parameters were unlinked among partitions. Two parallel Markov chain Monte Carlo (MCMC) runs (each included one cold and three heated chains) were carried out for 3 million generations. Trees and parameters were sampled at every 100 generations. Convergence of the two cold chains was checked and burn-in was determined using the 'sump' command. The bootstrap and posterior probabilities for each data set are presented in phylograms.
Genetic relationships among the LSU rDNA region sequences of different Pseudo-nitzschia pungens isolates were summarized by a statistical parsimony network (Templeton et al. 1992 ). The statistical parsimony method joins all pairs of sequences that have a probability of parsimony greater than 0.95, which indicates the probability of having no unobserved mutations. Using the full aligned data set (including all of the haplotypes), the network was constructed with the TCS v.1.18 software (Clement et al. 2000) .
RESULTS
The BI phylogram and the posterior probabilities are presented in Figure 2 . The BI tree topology is well resolved with respect to the main branches. P. multiseries (strain OFPm984), was designated as an outgroup and two main monophyletic groups branched off as sisters to the outgroup. Subtropical Pacific strains NPU41392 and NPU41262 split out as sisters to the other strains with a posterior probability of 0.93. On the other hand, the northeastern Pacific strains of P. pungens var. cingulata (NWFSC 004, NWFSC 32 and US-115) ramified as sister to a synapomorphic group, including two main lineages -P. pungens var. aveirensis (strains DABV01, KBH2, P24, FBA2.A11 and FBA1.B2) and P. pungens var. pungens (Cn172) with a higher posterior probability (0.94). The latter were recovered with a posterior probability of 0.95.
More specific analyses were carried out on the identified clades using a TCS1 statistical parsimony network applied on the aligned data set (Fig. 3) . Similar to the haplotype analysis via the DnaSP v.5 program, TCS1 software found 7 haplotypes. The ancestral sequences were observed as belonging to northeastern Pacific strains (NWFSC 004, NWFSC 32 and US-115) of P. pungens var. cingulata. Two distinct groups emerged after the ancestral haplotypes. In one group of subtropical Pacific strains, NPU41392 and NPU41262 with 1 bp substitutions were recovered. In the other group a haplotype clade consisted of P. pungens var. aveirensis strains (DABV01, KBH2, P24, FBA2.A11 and FBA1.B2) and the final sequence with 5 bp substitutions included the northeastern Pacific (Cn172) strain of P. pungens var. pungens. Five missing haplotypes were determined between P. pungens var. aveirensis strains and P. pungens var. pungens.
DISCUSSION
The BI analysis of the LSU (D1-D3) gene region among P. pungens strains positively supported the three-clade hypothesis (Fig. 2 and Fig. 3) . Moreover, the ancestral haplotypes consist of Clade II (P. pungens var. cingulata). Interestingly, the strains belonging to the subtropical California Bay (Santa Cruz, NPU41392 and NPU41262 ) branched off into another lineage with one base pair substitution from the ancestral haplotypes, although these were identified before as P. pungens var. cingulata in previous studies (Churro et al. 2009 ). There is only one base pair substitution between Clade II (NWFSC 004, NWFSC 32 and US-115) and Clade III (DABV01, KBH2, P24, FBA2.A11 and FBA1.B2) strains while five base pair substitutions were revealed between Clade III and Clade I (Cn172). Therefore, Clade I (P. pungens var. pungens) strains may be much younger than the others. It has been denoted by Casteleyn et al. (2008) that the gene pool of P. pungens is located around the eastern Pacific Ocean and that environmental changes during the Pleistocene (e.g. climatic variations) led to speciation and diversification of P. pungens clades. These clades, hovewer, follow different distribution patterns, possibly due to their euri-degree (e.g. euritherm, eurihaline and etc.). Evolutionally younger Clade I (P. pungens var. pungens) was distributed globally but antitropicaly while Clade II (P. pungens var. cingulata) remained around the northeastern Pacific. None of the strains from Clade II is found in other locations of the world. According to the findings of this study, however, the Clade III (P. pungens var. aveirensis) strains show a globally phylogeographic pattern without any base substitutions. The locations of the Clade III strains best fit the global thermohaline circulation (the Great Ocean Conveyor) (Fig. 1) transferring the warm Pacific water to the north Atlantic and cold water to the Pacific over a thousand-year period (Broecker 1991) . Once a Clade III strain came into the Gibraltar Channel which connects the Mediterranean Sea to the Atlantic Ocean, it was possibly transported to the Black Sea surface waters via the Mediterranean current circulation system. One may assume that anthropogenic forces (such as transporting via ballast waters) may play a role in distribution or these strains may have been dispersed via the Lessepsian Channel (which connects the Red Sea to the Mediterranean). A study on Bayesian relaxed molecular clock phylogeny from the concatenated data set of rbcl and ITS sequences, however, anticipates that these clades were formed during climatic variations of the Pleistocene about 1,5 million years ago and the divergence time between the strain KBH2 (Vietnamsouthwestern Pacific) and the strain P24 (Portugaleastern Atlantic) was found to be 150.000 years ago (Casteleyn et al. 2010) .
There are two hypotheses about cryptic species diversification of the marine plankters; one suggests that continous gene flow and range expansions of marine planktonic organisms provoke worldwide homogeneous populations and these limit the chance of geographic isolation (Norris 2000 , Cermeño & Falkowski 2009 ) while the other asserts that long distance dispersal patterns may promote allopatric diversification (Casteleyn et al. 2010) . Both hypotheses may be presumed valid in the case of the distribution patterns of P. pungens populations. While the tropical zone of the world oceans seems to have worked as an isolation barrier to Clade I and thus led to cryptic diversification under differentiating climatic conditions, the Clade III strains show a global distribution pattern via the great ocean conveyor. This suggests that so-called cosmopolitan P. pungens populations may not be as cosmopolitan as we assumed and various degrees of environmental adaptation among P. pungens clades may play an important role in dispersal patterns. 
